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The Effects of Dashen Brewery Wastewater Treatment
Effluent on the Bacteriological and Physicochemical
Quality of Shinta River in Gondar, North West Ethiopia
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Abstract The objective of this study was to investigate the impact of Dashen brewery effluent on the bacteriological and
some physicochemical qualities of Shinta River, Gondar town. Bacteriological and physicochemical quality assessments
were carried out on samples collected at 13 different sampling stations; upstream, effluent, effluent discharge and 10
downstream stations in three replications. The bacteriological parameters; aerobic mesophilic count, total coliform count and
fecal coliform count were done. The values of aerobic mesophilic count ranged from3.0 x 10° cfu/mlto 2.64 x 10 cfu/ml.
These counts were significantly different (p<0.05) among the stations sampled. The values of total coliform count ranged
from 111 MPN/100ml to 396 MPN/100ml, and the values of fecal coliform count ranged from 96 MPN/100ml to 356
MPN/100ml. The counts of total and fecal coliform were significantly different (p<0.05) among the stations sampled.
Microorganisms isolated include, Escherichia coli, Enterobacter aerogenes, Streptococcus faecalis, Staphylococcus aureus,
Proteus vulgaris and Bacillus subtilis. The physicochemical parameters analyzed were temperature, total suspended solids
(TSS), totaldissolved solids (TDS) and Biochemical Oxygen Demand (BOD). The water te mperature varies from22 to 30°C.
pH varied between 6.6 and 7.9. The values of TSS fluctuated between 6 and 42 mg/l, and the values of TDS fluctuated
between 73 and 201 ps/cm, and BOD ranged between 3.8 and 23.0 mg/l. All the physicochemical parameters were
significantly different (p<0.05) among the stations sampled. The results of this study show that all the physicochemical
parameters of the brewery effluent were within the EEPA (Ethiopian Environmental protection Agency) and World Bank
permissible limits.
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are discharged into inland water bodies resulting to stench,
discoloration and a greasy oily nature of such water bodies.
These wastes pose a serious threat to associated environment,
including human health risks[3]. Thus there is need to
control the pollution of surface and ground water since the
public health and well being of the people have a direct link
with the availability of adequate quantity of good quality
water[2];[4].

Brewery plants have been known to cause pollution by
discharging effluent into receiving stream, ground water and
soil[2]. Water consumption for breweries generally ranges
from 4-8 cubic meters per cubic meter of beer produced.
Production steps include malt production, wort production
and beer production[5] The main characteristics of
environmental concern that can be associated with brewery
wastewater include Biochemical Oxygen Demand (BOD)/
Chemical Oxygen Demand (COD) concentration, TSS
concentration, pH, nutrients (nitrogen and phosphorus)
concentration and temperature[6];[ 7].

1. Introduction

Industrial estates are established to fulfill the demand of
the growing population in the country. The introduction of
industries on one hand manufactures useful products but at
the same time generates waste products in the form of'solid,
liquid or gas that leads to the creation of hazards, pollution
and losses of energy. Most of the solid wastes and
wastewaters from industries are discharged into the soil and
water bodies and thus ultimately pose a serious threat to
human and routine functioning of ecosystem[1]. Water
pollution is serious problem globally involving the discharge
of dissolved or suspended substances into groundwater,
streams, rivers and oceans. A major source of pollution in
developing countries is industrial activities and this has
gradually increased the problem of waste disposal[2].

Untreated wastes from processing factories located cities
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Breweries can achieve an effluent discharge of 3-5 m’*/m’

of sold beer (exclusive of cooling waters). Untreated
effluents typically contain suspended solids in the range
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10-60 mg/1, biochemical oxygen demand (BOD) in the range
1,000-1,500mg/L, chemical oxygen demand (COD) in the
range 1800-3000 mg/l and nitrogen in range 30-100 mg/l.
Phosphorus can be present at concentrations of the order of
10-30 mg/l. Effluents from individual process steps are
variable. Effluent pH averages about 7 for the combined
effluent but can fluctuate from 3 to 12 depending on the use
ofacid and alkaline cleaning agents as well the temperatures
average becomes about 30°C [8].

Gondar is one of the few towns in Ethiopia with relative
large-scale manufacturing plants including plastic factory,
MOHA soft drink factory, Dashen beer factory and others
and most of the existing industries have been discharging
their wastes into the surrounding environment, in particular
to the nearby river, and there is little acquaintance about the
effects of effluent discharge into the receiving water body.
Shinta River, as many otherrivers serve as asink for disposal
of domestic and industrial wastes. It is located near to
Dashen beer factory and no study has been conducted on the
bacteriological and physicochemical quality of the river. The
main objective of this study were to: (i) determine the impact
of Dashen beer factory effluent on the bacteriological and
physicochemical quality of Shinta river; (ii) analyze and
compare the bacterial contamination level of the river by
determining bacterial contaminants from different sites in the
study area and (iii) analy ze the level of total dissolved solids,
total suspended solids and biochemical oxygen demand in
the study area.

2. Materials and Methods

2.1. Description of the Study Area
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The study area is found in the town of Gondar which is
located in the Northern part of Ethiopia mainly in the
Amhara Regional State. It is located about 738km from
Addis Ababa. Geographically Gondar is bounded by 12° 35’
07> North latitude and 37° 26” 08 East longitude and it has
a narrow range of altitude i.e. 2000-2200m above sea level.
Dashen Beer Factory was established in 1992 June 26 E.C.
and currently it is the second supplier of beer in the market
with production capacity of 0.75 million hectoliters per
annum. The factory is located in the western part of Gondar,
12Km far fromthe main town. River Shinta which contribute
to Angereb River part of the tributaries of Lake Tana is
located near from the factory and it drains from north to
south and it serve as natural sewerage lines for domestic and
industrial wastes.

2.2. Sampling Stations

Wastewater sample for bacteriological analyses were
collected from 13 sampling stations, 12 along the course of
the river and 1 along the effluent discharging canal as
follows:

One sampling station (Station 1) was located at the
upstream location; at 20m from the discharge point.
Upstream location was regarded as the control point. One
sampling station (Station 2) was located along the drainage
canal, 10m to the point of discharge into the river and one
sampling station (Station 3) was located at the junction,
where the waste from the brewery enters the river. Ten
sampling stations were located at varied distances
downstream from the discharge point (Station 3). The
stations were designated as Station 4 (10m), Station 5 (20m),
Station 6 (30m), Station 7 (40m), Station 8 (50m), Station 9
(60m), Station 10 (70m), Station 11 (80m), Station 12 (90m)
and Station13 (100m).
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Figure 1. Selected portion ofthe River Shinta showing Sampling Stations
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2.3.Sample Collection and Analysis

Water samples were collected in triplicate except for
Biological Oxygen Demand (BOD) which was in duplicate
at the 12 sampling stations along the course of the river and 1
atthe course ofeffluent discharging canal from January 2012
to April 2012. Water samples were collected in a plastic
bottle which was thoroughly cleaned by distilled water.
Samples for bacteriological analyses were collected in a
sterilized glass bottles. Samples for BOD were collected
separately in a 1.5 liter plastic bottle which was thoroughly
cleaned by distilled water. The samples were taken to
laboratory immediately for analysis. Bacteriological
parameters monitored include total coliform count, fecal
coliform count and aerobic mesophilic count according to
the methods of[9];[10]. The isolation and identification of
bacterial isolates were carried out using  standard
microbiology and biochemical techniques in accordance
with Bergey’s manual of determinative bacteriology volume
2[11].

The physicochemical parameters studied were pH,
temperature, Total Dissolved solids (TDS), Total Suspended
solids (TSS) and Biological Oxygen Demand (BOD).

pH of samples was measured using pH meter (HI-111,
Egypt) already standardized by using buffer solutions of
known value (4 and 7) before analyses[12]. Temperature was
measured at the site of sampling, using portable calibrated
mercury thermometer (model 3012, UK)[12]. Total
Dissolved Solids (TDS) of the water were measured using
conductivity/salinity —meter (HI-8733, Germany)[12].
Biological Oxygen Demand (BOD) was measured using
BOD HACH Trak instrument (DR/2010 HACH, Loveland,
USA) according to the HACH instruction. Whatman No.1
filter paper was used to determine samples TSS[12].

2.4. Statistical Analyses

Data was analyzed using Statistical Package for Social
Sciences (SPSS-16). The bacteriological and physicochemic
al parameters were analyzed using Analysis of Variance
(ANOVA) techniques to find whether significant differences
existed in the different sampling stations for the parameters
studied. Pearson correlation coefficient ® was calculated to
find out the relationship between the physicochemical
parameters and the bacteriological parameters. P value less
than 0.05 was considered to show significant difference.

3. Results

The results of the study for bacteriological parameters of
Shinta River at different Sampling stations are shown in
Table 1. The values of aerobic mesophilic count ranges from
2.95 x 10° to 2.64 x 10’ cfu/ml. The highest AMC (2.8 %10’

cfu/ml) was recorded in Station 2 (effluent). The lowest

aerobic mesophilic count (2.9 X 10° cfu/ml) was recorded in
Station 1 (upstream). Analysis of variance (ANOVA)
showed that Aerobic mesophilic count was significantly
different (p<<0.05) among the various stations sampled.

The values of total coliform count, ranges from 93
MPN/100ml to 430 MPN/100ml. The highest TCC
(430MPN/100ml) was recorded in Station 2. The lowest
TCC (93 MPN/100ml) was recorded in Station 1. ANOVA
result showed that total colifom count (TTC) was
significantly different (p<0.05) among the various stations
sampled.

The values of fecal coliform (FC) counts, ranges from 75
MPN/100ml to 360 MPN/100ml (Table 1). The highest fecal
coliform counts (360 MPN/100ml) was recorded in station 2
(effluent) and the lowest FC count (75 MPN/100ml) was
recorded in station 1. Statistical analysis using ANOVA
indicated that FC count was significantly different (p<0.05)
among the stations sampled. Six bacteria were isolated:
Escherichia coli, Enterobacter aerogenes, Streptococcus
faecalis, Staphylococcus aureus, Proteus vulgaris and
Bacillus subtilis.

Results ofthe physicochemical parameters of Shinta River
at the 13 sampling stations are shown in table 2. Water
temperature was varied from 22°C at Station 1 to 30C at
Station 2. There was significant difference (P<0.05) in water
temperatures recorded between the different sampling
station. The Sampling site pH range was between 6.58 to
7.94. The highest pH (7.94) was recorded at Station 2
(effluent) and the lowest (6.58) pH was recorded at Station 1
(upstream). Statistical analysis using ANOVA indicated that
pH was significantly different (p<0.05) among the stations
sampled. The wvalues of total dissolved solids (TDS)
fluctuated between 73 and 201 ps/cm. The highest TDS
value (201 ps/cm) was recorded in Station 2. The lowest
value (73 ps/cm) was recorded in Station 1. ANOVA result
showed that there were significant difference (p<0.05)
among the stations sampled.

The values of total suspended solids (TSS) fluctuated
between 6 and 42 mg/l. Station 2 (effluent) had relatively
higher mean value 39.6 mg/1 of TSS as compared to the other
stations sampled. The lowest mean value 6.3 mg/l of TSS
was recorded for Station 1 (upstream). Statistical analysis
using ANOVA indicated that there was significant difference
(p<0.05) in the value of TSS among the stations sampled.

Biological Oxygen Demand (BOD) fluctuated between
3.8and 23.0 mg/L The upstream station (Station 1) had lower
values of mean 4.0 mg/l. Station 2 had relatively high values
of mean 21.8 mg/l. Analysis of variance (ANOVA) result
showed that BOD was significantly different (p<0.05)
among the various stations sampled.

The result of antimicrobial susceptibility test is shown in
Table 3. Most of the bacterial isolates were sensitive for the
antibiotics used. Some isolates of E.coli, S.faecalis and S.
aureus were resistant for Ampicillin and Tetracycline.
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Table 1. The results for bacteriological parameters of Shinta River at different sampling stations (values are mean i standard error, means on the same
row or column for the same parameter are significantly different at p<0.05)

Table 2. Results of thephysicochemical parameters of Shinta River at the 13 sampling stations (values aremean + standard error, means onthe same row
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Parameters Aerobic Mesophilic Total Coliform Faccal Coliform
count X107 cfu/ml MPN/100 ml MPN/100 ml
STATION 1 IR 111+ 90 96 + 13.0
STATION 2 264 £ 0.10 396 £16.6 356 + 33
STATION 3 231%0.10 360 + 0.0 290 + 00
STATION 4 202 + 0.08 350 £ 0.0 273 + 33
STATION 5 174 + 0.07 330 £ 200 360 £ 100
STATION 6 1.53 £ 0.05 290 £ 0.0 240 + 0.0
ST ATION 7 137 £ 0.04 273 £ 33 230 £ 00
ST ATION 8 120 + 0.06 250 £ 10.0 210 £0.0
STATION 9 027 £+ 0.01 230 + 00 186 + 133
ST ATION 10 022 £ 0.01 216 + 6.6 160 + 0.0
ST ATION 11 0.19 £ 0.01 200 £ 0.0 143+ 33
STATION 12 0.08 + 0.04 173 + 133 133 + 66

or column forthe same parameter are significantly different at p<0.05)

Parameters pH Temperature (‘C) BOD(mg/l) TDS (ps/cm) TSS (mg/l)
STATION 1 6.70 + 0.07 22,6 + 0.3 40 £ 02 75+ 15 63 +03
STATION 2 780 % 0.07 29.6103 218 + 12 197 + 23 396 + 1.2
STATION 3 766 + 0.07 27.8 + 04 16.6 + 0.9 173.6 + 1.4 323+ 08
STATION 4 758 + 0.06 271+ 04 155+ 0.7 1646 + 14 29 + 0.5
STATION 5 752 + 0.06 26.6 £ 0.3 144 + 0.7 1560 + 1.1 253+ 0.3
STATION 6 746 £ 0.07 265 + 0.2 13.1 % 06 1456 + 12 216 + 08
STATION 7 739 + 0.07 258 + 0.4 11.9 + 0.7 1353 + 138 18.6 + 0.3
STATION 8 730 £ 0.07 255402 10.6 + 0.6 125+ 15 16 + 0.5
ST ATION 9 721 £ 0.08 251+ 04 93 £05 115+ 23 143 + 0.3
ST ATION 10 711 £ 0.08 246+ 03 78 £ 07 1073 + 08 126 + 0.3
STATION 11 701 + 0.09 243 4 03 66 + 06 100 + 1.5 103 + 0.3
STATION 12 692 + 0.08 23.6 + 0.3 55405 91.6 + 1.2 76 +08
STATION 13 6.83 £+ 0.07 233403 43 £02 85.6 + 0.8 66 +03
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Table 3. Antimicrobial susceptibility pattems of various bacterial isolates

Antibiotic Number of isolates
E.coli E. aerogenes S. faecalis S. aureus P. vulgaris B. subtilis
N=39 N=26 N=22 N=24 N=18 N=20
Ampicillin 17R,20 S, 21 6 R,17S,31 11R,9521 10R,12S,21 6R, 128 9R, 11 S
Chloramphenicol 11R,28 S 4 R,228 9R, 13 S 8R, 16 S 4R, 148 5R, 158
Ciprofloxacin 2R,37S 0R,26S 2R,20S 1R,23 S 1R, 178 2R, 188
Gentamicin 12R,27 S 3R, 23S 1R,21S 3R,21S OR,188S 0R,20 S
Tetracycline 19R, 17 §,31 5SR,21 S I10R,9S 31 12R,9S5 31 3R, 158 7R, 13 S
Key; R- Resistant; S- Sensitive; I- Intermediate
Table 4. Correlation matrices of physicochemical parameters with bacterial counts
Physicochemical DS TSS BOD FC TC AMC
parameters
TDS 1
TSS 0.987** 1
BOD 0.983%* 0.976%*
FC 0.988** 0.976** 0.982%* 1
TC 0.980** 0.966** 0951%* 0.963%* 1
AMC 0.969** 0.962** 0.968** 0.960%** 0.941%* 1

Key; TDS; Total dissolved solids, TSS; Total suspended solids, BOD; Biological oxygen demand, FC; Fecal coliform, TC; Total coliform, AMC; Aerobic

mesophilic count.
** Correlation is significant at the 0.01 level

The correlation among the physicochemical parameters
(TDS, TSS and BOD) and the bacteriological parameters
(AMC, TC and FC) is shown in table 4. A positive
relationship existed between BOD and AMC (r= 0.968,
p<0.001), BOD and TC (r=0.951, p<0.001) and BOD with
FC (r=0.982, p<0.001). TDS exhibited significant positive
correlation with AMC (1=0.969, p<0.001), TC (1=0.980,
p<0.001) and FC (r=0.988, p<0.001). TSS also exhibited
significant positive correlation with AMC (r= 0.962,
p<0.001), TC (0.966, p<0.001) and FC (1=0.976, p<0.001).

Table 5. The physicochemical results of Dashen brewery industry effluent
against the provision limits given by[13] and[S]

Effluent from L. ..
Limit set Limit set
Parameter Dashen by[13] by[5]
Brewery Y Y
pH 78 00 69 69
Temperature 296 T 03C | =30C = 30C
218 T 12
BOD:s 60 mg/l 50 mg/l
mg/l
396 + 1.2
TSS 50 mg/l 50 mg/l
mg/l

Comparison of the Dashen brewery effluent concentration
of selected parameters obtained in this study against the limit
set by[13] and[5] for safe disposal of brewery effluent to
surface water is shown in Table 6. The average value of pH
of the Dashen brewery effluent was 7.8, this result is in line

with the EEPA and World Bank permissible limit of 6-9. The
average temperature was 29.6°C, this is also within the
EEPA and World Bank permissible limit of less than orequal
to 30°C. The mean BOD levels of the effluent were 21.8 mg/1
this is within 60 and 50 mg/] permissible limit of EEPA and
World Bank respectively. The mean values of TSS of the
effluent were 39.6 mg/1 and this is also within the EEPA and
World Bank permissible limit of 50 mg/1.

4. Discussion

This study has shown the current conditions of Dashen
Brewery effluent on the bacteriological and physicochemical
parameters of the nearby Shinta River. The values of aerobic
mesophilic count ranged from 2.95 x 10° to 2.64 x 10’ cfu/ml.
These counts were significantly different (p<0.05) among
the stations sampled. Comparatively high aerobic mesophilic
count was observed at Station 2 (effluent) (2.64 %10 cfu/ml).
Low aerobic mesophilic count was observed at Station 1
(2.95 x 10° cfu/ml). The relatively high bacteria counts
obtained in Station 2 could be attributed to organic matter of
the brewery effluent. The introduction of wastewater high in
organic matter and essential nutrients brings about changes
in the microflora[14] ;[15].[16] also reported that the high
counts of bacterial population reflected that the level of
water pollution as it gave indication of the amount of organic
matter present.

At Station 1 (upstream) the bacterial load could be
attributed to the incidence of human activities such as
defecation, washing, bathing and disposal of wastes from
households.[17] reported that high microbial population in
aquatic system is a reflection of the input of microorganisms
from extraneous sources and availability of growth
supporting organic matter. It was also noted the high total
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coliform count ranged from 93 MPN/100ml to 430
MPN/100ml and fecal coliform count ranged from 75
MPN/100ml to 360 MPN/100ml. Such counts are an
indication of severe fecal pollution of the river, hence the
possible presence of human pathogens and are in agreement
with the findings of[16] in a similar study in Nigeria
attributed such counts to the fecal pollution of the water. The
total and fecal coliform counts were significantly different
(p<0.05) among the stations sampled.

To evaluate for the pollution extent, samples were also
analyzed forsome physicochemical parameters including pH,
Temperature, total dissolved solids (TDS), total suspended
solids (TSS) and Biological Oxygen Demand (BOD).

The mean value of temperature in this study shows
significant difference (p<0.05) among the stations sampled.
Comparatively the lowest recorded in Station 1 (22°C) and
the highest recorded for Station 2 (effluent) and station 3
(discharge) was 30 and 28.5°C, respectively. The relative
high temperature recorded for station 2 and 3 could be
attributed to discharges of hot liquor and steam condensates
from the brewery operation.[16] also reported similar
findings. The temperature range of the effluent (29 - 30 °C)
was within the EEPA (2003) and World Bank (2007)
permissible limits of < 30°C.

The pH range for this study was 6.58 to 7.94.
Comparatively Station 1 (upstream) had the lowest values of
mean 6.7. Relatively Station 2 (effluent) and Station 3
(discharge) had the highest pH values of mean 7.8 and 7.6
respectively and thereafter decreases downstream stations.
The mean pH value was significantly different (p<0.05)
among the stations sampled. The pH range recorded in this
study is very close to recorded in Nigerian River[2]. The pH
range of the effluent (7.70 - 7.94) was in line with EEPA and
World Bank permissible limit of 6-9.

Brewery effluent contains organic materials like spent
grains, waste yeast, spent hops and grit[2]. The mean values
of Total suspended solids were significantly different
(p<0.05) among the stations sampled. Comparatively there
was arise in average levels TSS at Station 2 (39.6 mg/1) and
relatively the lowest mean values of TSS (6.3 mg/l) was
recorded at Station 1. The rise in average levels TSS at
Station 2 (effluent) could be attributed to draining of effluent
discharges with high TSS levels into the river.[4];[2] also
reported similar findings. The mean TSS value of the
effluent i.e. 39.6 mg/l was within 50 mg/1 permissible limits
set by[13]. The mean values of Total dissolved solids (TDS)
were also significantly different (p<0.05) among the stations
sampled. Station 1 (upstream) recorded the lowest mean
value of 75 ps/cm. Station 2 recorded the highest mean value
of 197 ps/cm and there after decreases along downstream
sampling stations.

Biological oxygen demand (BOD) measures the
biodegradable materials in water and helps in the
development of bacteria and other organic by products[1].
The levels of BOD were significantly different (p<0.05)
among the stations sampled. The average BOD values of
Station 1 (4.0 mg/l) were lower than the corresponding

values of Station 2 (21.8 mg/l) and downstream stations
(16.6 — 4.3 mg/1). The increase in BOD of the downstream
can be attributed to an organic loading of the brewery
discharge and this is in accordance with the fact that high
organic load is found in wastewaters ofbre weries from rising
of bottles and mixing tanks, which consequently affect high
bacterial population[4]. The mean BOD level of the effluent
(21.8 mg/l) was within the EEPA and World Bank
permissible limit of 60 and 50 mg/1 respectively.

The results from this study implies that most of the
bacterial isolates of Escherichia coli, Enterobacter
aerogenes, Streptococcus faecalis, Staphylococcus aureus,
Proteus vulgaris and Bacillus subtilis were sensitive for the
antibiotics, however some isolates of E.coli, S.faecalis and S.
aureus were resistant for ampicillin and tetracycline.
Resistance to ampicillin and tetracycline might be related to
their overuse as opposed to chloramphenicol, ciprofloxacin
and gentamicin which are not used for treating enteric
infections.[19] also reported similar findings. Developing
resistance against ampicillin and tetracycline indicates a
relatively reduced efficacy of these antibiotics.

Results from this study indicated a positive correlation
between BOD, TDS, TSS and AMC, TC and FC. This
positive correlation can indicate that as the presence of
organic matter dissolved solids and suspended solids in
rivers will increase the bacterial load.[20] also reported that
the presence of organic matter in the rivers attribute for the
development of microorganisms.

Untreated brewery effluents typically contain suspended
solids in the range 10-60 mg/l, biochemical oxygen demand
(BOD) in the range 1,000-1,500mg/L. Effluent pH averages
about 7 for the combined effluent but can fluctuate from 3 to
12 depending on the use of acid and alkaline cleaning
agents[8]. The use of wastewater treatment system can
reduce the pollution strength and organic content of the
waste[21]. As the result of the physicochemical parameters
analyzed in this study shows that the effluent discharged
from Dashen Beer Factory meet the permissible limit set by
EEPA and World Bank for safe discharge to surface water.
This means that Dashen Beer Factory uses wastewater
treatment system in which the wastewater pass different
chemical and biological treatment systems before discharged
into ‘Shinta’ River.

5. Conclusions and Recommendations

From the data collected in this study the bacteriological
parameters monitored in Station 2 (effluent) and Station 3
(discharge) showed comparatively high mean values of
aerobic mesophilic count, total coliforms and fecal coliform
counts than Station 1 (upstream) and downstream Stations
(4-13). The high mean values in Station 2 and 3 must have
been as a result of the nature of brewery effluent discharged
into the river which contains organic matter that support for
the growth of bacteria. The bacterial load at Station 1
(upstream) could be attributed to the incidence of human
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activities, such as washing, bathing, dumping of wastes form
households and defecation. Comparatively the mean values
of bacterial counts were decreasing from Station 4 to
downstream Stations (5-13) and this indicates the dilution
effect of the flowing river.

The results of the physicochemical analysis (pH,
Temperature, BOD, TDS, TSS) shows that relatively high
mean values were recorded in Station 2 (effluent)and Station
3 (discharge) than Station 1 (upstream) and downstream
stations (4 — 13). The relative high mean values of the
physicochemical parameters in Station 2 and 3 can be
attributed to the nature of brewery operation.

The result of the physicochemical parameters of the
brewery effluent analyzed were revealed that the
parameters pH, Temperature, BOD, TSS meet the
permissible limit set by EEPA and World Bank for discharge
into surface water. This indicates the use and the
effectiveness of Dashen Beer Factory wastewater treatment
plant, that the wastewater is first treated before discharged
into the river.

From the result of this study it is recommended that
adequate waste disposal facilities should be provided to
inhabitants of the Shinta River. Municipality office should
prevent indiscriminate dumping of wastes into the river and
also the public should be educated on the health risks of
indiscriminate disposal of wastes even though our objective
was not included in this study.

It is also recommended that further studies also need to be
conducted on the microbiological quality of Shinta River.
That will be important for the assessment of the use of the
river water for domestic purposes and its health impact on
the community.

It is recommended that the wastewater treatment practiced
by Dashen Brewery must be extended to the future and other
industries including breweries and other factories must use
such wastewater treatment plant.

It is also recommended that monitoring programs for the
discharge of brewery effluent should be implemented to
address all activities that have been identified to have
potentially significant environmental impact. Monitoring
frequency should be sufficient to provide representative data
for the parameter being monitored and monitoring data
should be analyzed and reviewed at regular intervals and
compared with the operating standards so that any necessary
corrective actions can be taken.
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